Methods

Subjects
This is a retrospective study of OSA subjects who performed PSG in our hospital from November, 2012 to October, 2014. We included the patients who visited not only sleep clinic, but also psychiatric and ENT outpatient clinic. We defined OSA subjects as subjects whose apnea-hypopnea index (AHI) was over 5 /h. We excluded subjects who had other sleep disorder (i.e., restless leg syndrome, periodic limb movements during sleep, parasomnia) except chronic insomnia, other neurologic disorder and acute medical illness at the time of PSG, which may affect PSG and CPC indices. Two hundred subjects were finally included in this study. We divided subjects into two groups by their chief complaints at the first visit of our clinic. We designated patients whose chief complaint was insomnia as 'OSA with insomnia' (OSA-I), patents whose main complaint was snoring and stop breathing as 'OSA only' (OSA-O). One examiner reviewed all subjects' medical records, and subjects whose chief complaint was 'insomnia' , 'difficulty falling asleep' , 'wake up a lot' , 'awakening too early' , or 'difficulty returning asleep' were classified as OSA-I, and subjects whose chief complaint was 'snoring' , 'stop breathing during sleep' , 'apnea' were classified as OSA-O. We only reviewed subjects' chief complaints and did not consider subjects' associated symptoms found during interview or questionnaire to classify subjects. The body mass index (BMI), Beck Anxiety Index (BAI), Beck Depression Index (BDI), Epworth Sleep Scale (ESS) was measured for the subjects in the clinic. All subjects were evaluated with overnight PSG, and we extracted the CPC parameters from single ECG signal from each PSG data to estimate the sleep quality.
Overnight polysomnography
Sleep studies were performed by Embla N7000&RemLogic (Embla Systems, Denver, CO, USA). The determination of sleep stage and arousal was measured by electroencephalogram (C3-A2, C4-A1, O1-A2, O2-A1), bilateral electrooculograms and chin electromyogram. Other devices included piezo bands to check chest and abdominal exclusion, finger pulse oximetry, single-lead ECG in the modified V2 lead, bilateral leg electromyograms, pre-tracheal microphone to check snoring, and video monitoring to check body position. Airflow was monitored with thermistors and nasal-cannula pressure transducer during diagnostic sleep studies. Sleep and arousal scoring were performed using standard criteria. The PSG were scored for sleep and sleep-disorders breathing events using the 2007 guidelines of the American Academy of Sleep Medicine. [9] [10] [11] From these measures, amounts of each sleep stage, latency to each sleep stage, total sleep time (TST), sleep efficiency (SE), and wake after sleep onset (WASO) were all calculated.
Cardiopulmonary coupling analysis
Cardiopulmonary coupling analysis was performed on the single channel ECG data extracted from the diagnostic PSG using available software, RemLogic CPC analyzer. It is composed of a total of five parameters: 1) high-frequency coupling (HFC, spectrogram peaks in the frequency range of 0.1 to 0.5 Hz), which indicates stable sleep; 2) low-frequency coupling (LFC, spectrogram peaks in the frequency range of 0.01−0.1 Hz), which indicates unstable sleep; 3) very-low-frequency coupling (VLFC, spectrogram peaks in the frequency range of 0.00391−0.01 Hz), which indicates awake or rapid eye movement sleep; 4) other (spectrogram peaks other than HFC, LFC, and VLFC, typically <1−2%); and 5) elevated low-frequency coupling (e-LFC, a subset of LFC with especially large low-frequency power), which correlates with sleep fragmentation and sleep apnea.
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Statistical analysis
Statistical analyses were performed with SPSS software (SPSS 18.0, SPSS Inc., Chicago, IL, USA). The significance level was set at p value less than 0.05. Two-sample independent ttest was used to assess differences of demographics, PSG and CPC data between the OSA-I group and the OSA-O group. Median regression model was used to compare CPC data between the two groups after correcting the effects of AHI to CPC parameters, and AHI was transformed using natural log due to highly skewed distribution. Partial Spearman correlations between CPC parameters and PSG data in each group were calculated after adjusting for age and sex.
Results
Demographics
72 subjects were designated as OSA-I and 128 subjects as OSA-O. Demographic and clinical assessment data for subjects are presented in Table 1 . In both groups, the proportion of male was predominant, but ratio of female in the OSA-I group is higher than the OSA-O group (38.9% in OSA-I vs. 6 
PSG and CPC parameters
Comparison of PSG and CPC parameters of both groups are presented in In the comparison of CPC parameters, only LFC duration was greater in OSA-O than OSA-I (45.0±22.0% vs. 40.4±21.5%, p=0.027), and there was no significant difference in other CPC parameters. After adjustment of AHI using median regression model, differences of all CPC parameters were not significant (Table 3) .
Correlation analyses between PSG parameters and CPC parameters
In OSA-I group, after adjustment of age, gender, and BMI, the correlations between PSG parameters and CPC parameters analyzed by Spearman' s partial correlation analysis model, was presented in Table 4 . HFC was negatively correlated with AI, AHI (rho=-0.477, p<0.001 and rho=-0.464, p<0.001), and did not show significant correlation with TST, sleep latency, SE, lowest O2 saturation, and WASO. LFC and e-LFC was positively correlated with AI, AHI (rho=0.546, p<0.001 and rho=0.589, p<0.001 in LFC, rho=0.544, p<0.001 and rho=0.626, p<0.001 in e-LFC), and showed weak negative correlation with 
Discussion
Insomnia is one of common complaints of OSA subjects although there is limited understanding about the factors that make differences between OSA subjects complaining daytime sleepiness and subjects complaining difficulty in falling asleep. Several studies insisted that sleepiness and sleeplessness are both end of the spectrum of OSA manifestation and it is related to individual susceptibility, however, it is still unclear what determines this individual difference of susceptibility in OSA. 1, 14 This study aimed to find the determinant factors into two distinct syndromes by comparing available electrophysiological information between OSA subjects who complained insomnia and who did not. Furthermore, we analyzed not only subjects' demographics, mood status, sleep parameters of PSG but also CPC data to find out the characteristics of insomnia-presenting subjects with OSA compared to OSA subjects with insomnia-related symptoms.
In comparisons of demographics, female ratio was significantly higher in OSA-I (38.9%) than OSA-O (6.8%). Female OSA patients were revealed to have different clinical manifestation from male patients; they had more frequent insomnia, headache, fatigue, depression, and use of sedatives. 15, 16 Although it is not evident whether these differences are related to different pathophysiology of upper airway movements, craniofacial morphology, or to show different baseline personality between genders, female is one of the important factors associated with insomnia-related symptoms in subjects with OSA.
Subjects with OSA-I were older and slimmer than OSA-O. Although there is no report of direct correlation between old age and insomnia-presenting OSA, insomnia-OSA association has been frequently reported amongst elderly patients, and this report is parallel with previous findings. 1, 17, 18 Overweight is well-known risk factor of OSA, but subjects with OSA plus insomnia tend to be lighter than OSA only patients in one study. 19 The PSG findings of OSA-I demonstrated shorter TST, lower SE, longer sleep latency, and higher WASO than OSA-O in spite of their AHI, RDI, and degree of desaturation were lower Spearman's rho values are presented. *p<0.05, † p<0.01. PSG: polysomnography, CPC: cardiopulmonary coupling, BMI: body mass index, OSA: obstructive sleep apnea syndrome, TST: total sleep time, SL: sleep latency, SE: sleep efficiency, AHI: apnea/hypopnea index, LowO2: lowest O2 saturation, HFC: high frequency coupling, LFC: low frequency coupling, VLFC: very low frequency coupling, e-LFC: elevated low-frequency coupling than OSA-O. This is important finding because lower SE and higher WASO are closely related to poor sleep quality of subjects, although we did not perform the research using questionnaire about sleep quality to these patients. 20 These PSG characteristics of OSA-I are coincident with previous studies demonstrating that severity of sleep-disordered breathing symptoms of OSA with insomnia patients were similar or milder than OSA without insomnia patients. 4, 21 Contradictory result was reported that Smith et al. found a positive correlation between the presence of insomnia and OSA severity. 22 These findings implied that severity of sleep-disordered breathings was not sole determinant of sleep quality in OSA-I. Therefore, clinicians should not be focus only on the sleep-disordered breathing symptoms in OSA patients when they mainly complain of sleep onset or maintaining insomnia.
Current study presented that OSA-O showed higher AHI and lower SaO2, which indicate more severe sleep-disordered breathing symptoms than OSA-I. Correlations between sleepdisordered breathing severity and coincident insomnia in OSA patients have been uncertain in previous studies, and the results of our study have two possibilities. First is that patients with insomnia have milder sleep-disordered breathing symptoms, and the other is the presence of selective bias in subjects who had visited to sleep clinic at university-affiliated hospital. If a subject suffers from insomnia, he or she seems more likely to visit sleep clinic even though his sleep-disordered breathing is mild.
In comparison of CPC data between OSA-I and OSA-O, LFC was higher in OSA-O than OSA-I. However, indices related to sleep-disordered breathing such as AHI was significantly higher in OSA-O, and there was no significant difference of LFC between two groups after adjustment of these sleep-disordered breathing indices using regression analysis. Close relationship between CPC parameters and sleep-disordered breathing symptoms of OSA subjects are well known in previous studies. 6, 7 Therefore, difference of LFC between OSA-I and OSA-O was probably to reflect the severity difference of sleep-disordered breathing symptoms rather than different characteristics between two groups.
Correlation analysis between PSG and CPC parameters did not show significant differences between OSA-I and OSA-O. In both groups, HFC, LFC, and e-LFC showed significant correlation with AI, AHI, and lowest SaO2, and these parameters have insignificant correlation with TST, sleep latency, SE, and WASO. It may indicate that CPC parameters mainly suggest features of sleep-disordered breathing even in OSA-I, and they cannot explain the high WASO and low SE in OSA-I. Therefore, it turns out that CPC analysis is limited to differentiate sleep of OSA subjects with or without insomnia. Additionally, we should suspect sleep-disordered breathing even in insomnia-complaining subjects when they showed low HFC and high LFC in CPC analysis.
It is notable that VLFC was weakly correlated with TST, SE, and WASO only in OSA-O. VLFC generally indicates awakening from sleep or REM sleep, and VLFC of OSA subjects is higher than normal subjects. 7 Therefore, we presumed that severe OSA patients, mostly included in OSA-O, have severe sleep-disordered breathing related arousals enough to affect TST, SE, and WASO. However, this explanation should be confirmed by subgroup analyses regarding OSA severity in the future.
The limitation of current study is lack of measurement of subjective sleep satisfaction such as subjective TST, sleep latency, and sleep quality index. However, we found significant difference in objective sleep measurements such as sleep latency, TST, WASO, which are closely related to sleep quality. Further research is needed to compare subjective sleep quality between OSA subjects who complained insomnia and who did not.
To summarize, the most important finding of this study is that OSA-I have more fragmented sleep architecture and disruptive sleep than subjects with OSA-O, and sleep-disordered breathing is not the main factor of their poorer sleep. With these PSG and CPC data in subjects with OSA-I, it is not easy to define the relevant features to cause fragmented sleep architecture and disruptive sleep. Insomnia presenting subjects with OSA had more frequent psychiatric diseases such as depression or anxiety. 1, 4, 21, 22 Nevertheless, we could not find any differences of BDI and BAI between two groups in this study. As noted that physical complaints such as pain, fatigue might affect sleep quality, insomnia patients with OSA reported more frequent physical complaints. 1, 4, 21 Absence of information about somatic symptoms might be a limitation of this study. In the future, extensive research is needed to explore the relevant factors of fragmented sleep architecture and disruptive sleep in insomnia-presenting subjects with OSA.
In conclusions, OSA-I demonstrated more fragmented sleep architecture and disruptive sleep regarding PSG parameters in spite of lower sleep-disordered breathing related distress than OSA-O. CPC parameters are unable to differentiate sleep patterns of OSA subjects with or without insomnia. It is needed to explore the factors causing fragmented sleep architecture and disruptive sleep rather than respiratory disturbances during sleep in OSA subjects complaining of insomnia-related symptoms.
